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ABSTRACT
A chemical ranking and scoring system, CRS?Korea, has recently been developed and proposed to use to
prioritize on a screening level the toxic chemicals for monitoring and risk assessment. As CRS?Korea requires
rigorous assessments prior to its wide application, an assessment was conducted in this study by examining the
contribution of individual parameter score to the final chemical score or ranking. The sensitivity of the system
to the default values for various parameters of missing data was also tested. The chemical ranking/score was
found to depend primarily on the score of a single parameter, i. e., the chemical release, while toxicity scores
show little correlation with the priority. Further analysis indicated that the dominating effect of the chemical
release results from i) its multiplicative relationship with the other two exposure parameters (biodegradation
and persistent) and ii) the fact that a maximum score of 10 was assigned to the chemical release parameter
while 5 was assigned for all others. As the fraction of the data that are missing exceeded 70% for various
toxicity parameters as compared to less than 10% for exposure parameters, the sensitivity of the ranking to the
default value was not significant (rank correlation coefficient = 0.98) for toxicity parameters. Based on this
assessment, an improved CRS system (CRS?Korea II) was proposed in which the impact of the chemical
release was properly adjusted by changing the multiplicative relationship to additive one and the maximum
score to 5. Chemical priority was derived for each of 16 provinces by using CRS?Korea II. The chemical
priority was found to significantly vary among the provinces. It was concluded that not only the national
chemical priority but the local chemical priority should be taken into account in setting the nationwide
chemical monitoring and risk assessment strategy.
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Adverse Effect Level, LOAEL) ?? ????,
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? ???? Risk?phrase? ???? ??(Hansen
et al., 1999). ??????? ??? ???? ??
???? ???? ??? ?? ???? ?? ?
??? BAF (Bioaccumulation Factor) ?? BCF
(Bioaccumulation Factor)? ???? ??. ???
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Ranking Assessment Model) (Erin et al., 2000;
Rachel et al., 2002)? RCRA (Resources Conservation
& Recovery Act) (US EPA, 1998)? ??? ? ?
???, CHEMS?1 (Chemical Hazard Evaluation for
Management Strategies) (US EPA, 1994)? ???
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??? ?? ???? ?????? ???? ?
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??? ????? ???? ???? ??? ?
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?? ???? ???? ???? ??? ??
? ???? ???? ???? ?? ?????
? ???? ?? ??? ?? ???? ?? ?
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Table 1. Comparisons of several chemical ranking and scoring methods
Weight Relationship
between between Release MultimediaSystem
exposure and exposure and data model
toxicity toxicity
Persistence: Half?life (air, water, Human: LC50, LD50, NO (A)EL, Interval [1?5]
CRS?Korea
sediment, soil) LO (A)EL, WOE, Other toxicity 1 : 1 Multiplication Usage score Usage MackayBioaccumulation: BAF, BCF Ecological: LC50, LD50, NO (A)EC, [1?10] level I
LO (A)EC, NO (A)EL, LO (A)EL min.?max.
Human : B.P., V.P., Kow Human: Risk?phrases Logarithm
EURAM Ecological: BCF, Biodegradation Ecological: 1 : 1 Multiplication (indicator: 0?10, Usage MackayNOEC, EC10, EC50, LC50, R?phrases final score: 0?100) level I
max.
Persistence: BOD half?life, Human: Logarithm
CHEMS?1
Hydrolysis half?life LC50, LD50, Carcinogenicity, Exposure Multiplication (toxicity: 0?5, TRI noBioaccumulation: BCF Other specific effects ⁄Toxicity exposure: 1?2.5)
Ecological: LC50, LD50, NOEL min. or max.
Persistence: Half?life (biota, air, Human: LO (A)EL, NO (A)EL, ED10 Interval
SCRAM soil, sediment, water) Ecological: ED50, LD50, EC50, LC50, 1.5 : 1 Addition (1?5) no Mackay
Bioacumulation: BCF, BAF, Kow LO (A)EL, NO (A)EL Uncertainty score level III
Persistence: Half?life (air, water, LD50, LC50, EC50, NOEL, etc. Interval
ARET or sediment) NA NA (0?10) no no
Bioaccumulation: BCF, Kow ?
PBT characteristics, Environmental presence, Quantity/Prevalence, RCRA Interval EQC
RCRA
programmatic concerns
2 : 1 Addition (1?3) yes (Mackay
Persistence: regional half?life Human: LOAEL
? level III)Bioaccumulation: BAF of BCF Ecological: LC50, NOEC
*EURAM (Europe Union Risk rAnking Method); CHEMS?1 (Chemical Hazard Evaluation for Management Strategies); SCRAM (chemical SCoring and Ranking Assessment Model); ARET
(Accerated Reduction/Elimination of Toxics); RCRA (Resources Conservation & Recovery Act); BAF (Bioaccumulation Factor); BCF (Bioaccumulation Factor); B.P. (Boiling Point); V.P.
(Vapor Pressure); Kow (octanol?water coefficient); BOD (Biological Oxygen Demand); PBT (Persistent, Bioaccumulative and Toxic); LC50 (lethal concentration); LD50 (lethal dose); NO (A)EL
(No Observed (Adverse) Effect Level); LO (A)EL (Lowest Observed (Adverse) Effect Level); WOE (weight?of?evidence); EC (Effective concentration); NA (Not applicable); TRI (Toxics
Release Inventory); EQC (Equilibrium Criterion).
Scoring
Data gaps
Indicator
Exposure Toxicity
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Type ??????? (Mackay, 1991)? ????
??.
?????? ????? ??? ??
????? ??? ??? CRS?Korea?? ?
??? ?? ??? ??? ??, ??? ?? ?
? ???? ?? ????(??? ?, 2005). ??
? ?? ??? ?? ? ?? ?? ?? ????
?? ????? ???? ??? ??? ?? ?
?? ?? ?? ??? ????. ?? ?????
???? ?? ????? ???? ?????
??? ?? Table 2? ??? ?? ?? ????
??? ????? ??? ????? ? ???
?? ?? ??? ????.
?? ????? ????? ??? ?? ??
???? ??? ?? ???? ?? CRS?Korea
? ?? ???? ???? ????? ?? ??
? ??? ?? ?? ??? ? ??? ????.
?? ???? ????? ?? ????? ??
? ??? ?? ??? ??? ????? ??
??? ?? ???, ?? ????? ? ???
??? ?? ??? ?? ??. 
? ??? ???? ??? ????? ? ??
? ???, ?????, ???? ???? ???
?? ????? ?????. ? ?? Table 3??
? ? ?? ?? ?? ?? ?????? ???
? ?????? ????? 0.83?? ?? ??
?. ?? ???? ????? ?????? ??
??? ? ??? ???? ?????? ???
??? ????? ?? ?? ??? ????. ?
?? ????? ?? ????? ???? ??
???? ??? ?? ??? ????. 
??? ??? ?? ??? ????? ?? ?
?? ?? ? ??? ? ? ?? ???. ??, ?
?? ??? ??? ??? ????? ??? ?
? ??? ?? ??? ??? ??? ???, ?
?, ??? ??? ?? 10???? ?? ?? ?
??? ??? ?? ?? ?????? ??? ?
?? ??? ?? ?? ?? ??? ???? ?
? ??? ?? ?? ??? ????? ? ??
?? ??? ?? ??? ??? ???? ??.
?? ???? ??? ?? ??? ??? ???
? ???? ????? ???? ??? ? ??
??? ?? ??? ???? ?? ?? ???
??? ??? ??? ?? ??? ????? ?
??? ? ? ??. 
?? ?? ??? ??? ???? ?????
????? ??? ?????? ?? ?????
?? ???? ?? ?? ??? ?????, ??
??? ???? ?? ?? ?????? ?? ?
???? ????. ?? CRS?Korea? ?? ??
?? ??????? ??? ?????? ???
???? ?? ???? ??? ??? ??? ?
???? ??? ?? ???? ??? ?? ??
? ?? ??? ?? ??? ??? ??? ??
? ????.
????????? ?? ??? ??
CRS?Korea? ? ??? ???? ?? ?? ?
?? ????? ???? ?? ??? ??? ?
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Table 2. Correlation coefficients (r) between final score
and exposure or toxicity score in CRS?Korea
Exposure (r) Toxicity (r)
Human risk 0.93 0.50
Aquatic 0.83 0.14
Ecological ecological risk
risk Terrestrial 0.83 0.35
ecological risk
Table 3. Correlation coefficients (r) between total score and
individual parameter score in CRS?Korea
Parameters Correlation coefficient (r)
Total release 0.83
Terrestrial release 0.72
Release to water 0.71
Persistence 0.48
Human sub?/chronic toxicity 0.47
Terrestrial sub?/chronic toxicity 0.47
Carcinogenicity 0.39
Other toxicity 0.38
Aquatic sub?/chronic toxicity 0.18
Aquatic acute toxicity 0.07
Bioaccumulation 0.07
Human acute toxicity 0.06
Terrestrial acute toxicity ?0.02
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?? ??? ???? ??? (Swanson and Socha,
1997). ???? ???? CRS?Korea? ???
?? ???? ??? ? ???? ?? ???
???? (Table 4). ?? ? ????? ????
??? ?? ?? ????? ? 79%, ??? ?
?? ?? ? 72%? ??? ??? ???? ?
? ????? ?? ????? ? ??? ??
??, ??? ??? ??? ???? 10% ???
? ????? ???. ???? ??? ??? ?
??? ??? ???? ?? ?????? ??
??? ?? ?? ??? ?? ?????? ??
???? ???? ??? ??? ???? ??
? ??? ???? ?? ??? ??? ?? ?
???? ????? ????? ????? ?
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Table 4. Number and fraction of missing data for individ-
ual parameters for the toxic chemicals in Korea
Missing data
Indicator No. (total % of totalnumber : 650)*
Bioaccumulation 60 9%
Persistence 34 5%
Human acute toxicity 115 18%
Human & Terrestrial 508 79%
sub?/chronic toxicity
Carcinogenicity 466 72%
Aquatic acute toxicity 66 10%
Aquatic sub?/chronic toxicity 86 13%
Terrestrial acute toxicity 138 21%
*Expanding several toxic chemical compounds and salts to rep-
resentative single chemicals based on toxic chemical information
Table 5. Sensitivity of the ranking to the default value, for top 30 chemicals selected using CRS?Korea
Rank Default value = 1 Default value = 5
1 Benzene Ammonia
2 Phosphorus Chromic acid
3 Ammonia Benzene
4 Acrylonitrile Acrylonitrile
5 Phenol Methanol
6 Chromic trioxide, Chromium trioxide, o?XyleneChromic anhydride
7 Toluene Phosphorus
8 1?Chloro?2?nitrobenzene Hydrochloric acid
9 Hydrochloric acid Sodium hydroxide
10 4, 4′?Methylenediphenyl diisocyanate (MDI) Ethyl acetate
11 Ethyl acetate Phenol
12 Nitrobenzene Chromic trioxide, Chromium trioxide, Chromic anhydride
13 Chromic acid Chlorosulfonic acid
14 o?Xylene Toluene
15 Formaldehyde 1?Chloro?2?nitrobenzene
16 Sulfuric acid 2, 5?Diaminotoluene
17 Propylene oxide Antimony trisulfide
18 Chloroform Bromine
19 Epichlorohydrin 4, 4′?Methylenediphenyl diisocyanate (MDI)
20 Aniline Phosgene
21 o?Cresol Thionyl chloride
22 Chlorosulfonic acid Nitrobenzene
23 2, 5?Diaminotoluene Hydrazine/Hydrazine sulfate
24 Ethylene oxide Sodium nitrite
25 Carbon tetrachloride 2?Vinylpyridine
26 Tetrachloroethylene Lead acetate
27 1, 2?Dichloroethane Formaldehyde
28 Methanol Sulfuric acid
29 Lead acetate Propylene oxide
30 Sodium nitrite Nitric acid
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??? ? ? ??.
??? ??? ???? ???? ??????
???? ??? ???? ?? ???? ???
? (Swanson and Socha, 1997), CRS? ???? ?
?? ???? ??? ?? ?????? ???
? ??? ????. ?? ?? EURAM??? ?
??? ?????? ??? ?? ?? ??? ?
?? ????? ????? ??? ????
(Hansen et al., 1999). ??? ??? ?? ????
??? ??? ???? ???? ??? ???
? ?? ??? ?? ??? ??? ???? ?
???? ???? ??? ??. ?? SCRAM?
??? ?? ?? ???? ??? ???? ??
????? ???? ?? (Erin et al., 2000; Rachel
et al., 2002). ?? CRS?Korea? CHEMS?1???
?????? ????? ???? ???? ??
? ? ??? ?? ?? ???, ?? ?? ???
??? ?? ?????? ??? ??? ???
??? ??? ? ?? (US EPA, 1994; ??? ?,
2005). ??? ?????? ?? ??? ???
?? ????? ?? ??? ??? ??? ??
? ??? ??? ????.
CRS?Korea??? ???? ?? ??????
?? 1??? ?? 5??? ??? ? ?? ??
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Table 6. Sensitivity of the ranking to the parameters of missing data fraction exceeding 50%, top 30 chemicals selected
using CRS?Korea
Rank Default = 1 for Human & Terrestrial Default = 5 for Human & Terrestrial
sub?/chronic toxicity, Carcinogenicity sub?/chronic toxicity, Carcinogenicity
1 Phosphorus o?Xylene
2 Acrylonitrile Phenol
3 o?Xylene Acrylonitrile
4 Chromic acid Phosphorus 
5 1?Chloro?2?nitrobenzene Benzene
6 Chlorosulfonic acid Ammonia
7 Phenol Toluene
8 Ammonia 1?Chloro?2?nitrobenzene
9 Ethyl acetate Hydrochloric acid
10 2, 5?Diaminotoluene Chromic acid
11 Benzene 4, 4′?Methylenediphenyl diisocyanate (MDI)
12 Hydrochloric acid 2, 5?Diaminotoluene
13 Toluene Ethyl acetate
14 4, 4′?Methylenediphenyl diisocyanate (MDI) Chlorosulfonic acid
15 Chromic trioxide, Chromium trioxide, Chromic trioxide, Chromium trioxide,Chromic anhydride Chromic anhydride
16 Sulfuric acid Nitrobenzene
17 Hydrazine, monohydrate Bromine
18 Phosgene Methanol
19 Formaldehyde Sulfuric acid
20 Aniline Sodium hydroxide
21 Nitrobenzene Lead acetate
22 o?Phenylenediamine Sodium nitrite
23 o?Cresol 2?Vinylpyridine
24 2?Vinylpyridine Antimony trisulfide
25 Chloroform Propylene oxide
26 Sodium nitrite Phosgene
27 Bromine Aniline
28 Dimethyl sulfate Formaldehyde
29 Propylene oxide Thionyl chloride
30 Epichlorohydrin Hydrazine, monohydrate
*Shaded chemicals are those that their inclusion in the top 30 list depends on the default values used for missing data.
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???. ?????? ?? ????? ????
???? ?? ???? ?????? 1?? 5?
? ???? ?? ???? ??? ??? ? ?
? 30? ??? ??? ?????(Table 5). 
Table 5?? ?? ??? 8?? ??? ????
?? ?? ?? 30? ?? ?? ?? ??? ??
?? ?? 10???? ????? Benzene, Am-
monia, Acrylonitrile, Hydrochloric acid? ?? ??
? ????? ??? ???. ?? ???? 50%
??? 3?? ?? (?? ? ???? ????, ?
??)? ?? ?????? ???? ??? ??,
?? 30? ?? ? 5?? ???? ?? ????
??? ???? (Table 6). ??, ??? ??? ?
??? ???? ????? ??? ?? ???
??? ??? ?????. Table 7? ???? ?
?? ?? ???, Table 8? ???? ?? ??
?, Table 9? ???? ?????? ?? ???
? ??? ????. ?? 30?? ?? ??? ?
??, ??????? ?????? ?? 24? ?
?? ??? ??? ??? ?? 18? ???, ?
??? ????? ??? ???? 8?? ???
??? ??? ???? ??? ??? ??? ?
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Table 7. Sensitivity of the ranking to the exposure parameters, top 30 chemicals selected using CRS?Korea
Default = 1 for Exposure parameters Default = 5 for Exposure parameters
Rank including Persistence, Bioaccumulation, including Persistence, Bioaccumulation,
and Release and Release
Mixture of trihexylphosphine oxide,
1 Formaldehyde tri?n?octyl phoshine oxide,
dioctyl monooctyl dihexylphosphine oxide
2 Carbofuran Formaldehyde
3 Parathion Diazinon
4 Dichlorvos Benzoximate
5 Endosulfan Ammonia
6 Chlorpyrifos Alkyldimethylbenzylammonium chloride
7 Naled Chloropromurite
8 Dinoseb, 2?sec?Butyl?4, 6?dinitrophenol Chlorfenvinphos
9 Bis (tributyl tin) oxide Terbufos
10 Chloroform Fenvalerate
11 Malathion Phorate
12 Chromic trioxide, Chromium trioxide, Chromic anhydride Fluazinam
13 Benzene Sodium tetrafluoroborate
14 Fenthion N?Alkyl toluidine
15 Benzidine 1, 6?Bis (2, 3?epoxypropoxy) naphthalene
16 Carbon tetrachloride Ethyl 5,5?diphenyl?2?isoxazoline??3?carboxylate
17 Cyhalothrin Nickel monoxide
18 Acrylonitrile Sodium azide
19 Acrylamide, 2?Propenamide Antimony trisulfide
20 Epichlorohydrin Oxydemeton?methyl
21 Carbosulfan Zeta cypermethrin
22 Hexachlorocyclopentadiene Carbofuran
23 1, 2?Dibromoethane Parathion
24 4, 4′?Methylenediphenyl diisocyanate (MDI) Fenthion
25 Isophorone diisocyanate Phosphamidon
26 Hexamethylene diisocyanate Tebupirimfos
27 Molinate N,N,N?Trimethyl?1?hexadecanaminium  chloride
28 Propylene oxide, Methyloxirane Dimethoate
29 Ammonia Dichlorvos
30 Chlorothalonil Methiocarb
*Shaded chemicals are those that their inclusion in the top 30 list depends on the default values used for missing data.
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?? ??? ?? ????. 
??? ??? ?????? ??? ?? ??
?? ??? ?? ????? ???? Table 10?
??. ??????? ?? ?? ?????? ?
?? ?? ??? ??? ??? ??? ???
?????? ?? ??? ????. ?????
????? 0.27? ?? ??? ???? ???
? ???? ??????? 0.57? ?? ?? ?
? ? ??? ? ? ??. ??? ???? ???
?? ?????? 0.98? ?? ?? ?????
? ????? ?? ??? ?? ??? ???
?? ??.
??? ???? ???? ?? ??????
????? ??? ?? ???? ????? ?
? ???? ??? ?? ??? ?? ?? ??
???? ??? CRS?Korea? ???? ???
?? ?? ????? ?? ?? ?????.
????????????? ??
??? ???? CRS?Korea? ??? ???
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Table 8. Sensitivity of the ranking to the default value of chemical release, top 30 chemicals selected using CRS?Korea
Rank Default = 1 for Release Default = 5 for Release
1 Endosulfan N?Alkyl toluidine 
2 Chlorpyrifos 1, 6?Bis (2, 3?epoxypropoxy) naphthalene
3 Bis (tributyl tin) oxide Ethyl 5, 5?diphenyl?2?isoxazoline? 3?carboxylate
4 Hexachlorocyclopentadiene Fensulfothion
5 Fenthion Butyltriphenylphosphonium chloride
6 Carbofuran 1, 1?Iminodi (octamethylene) diguanidinium tris
(dodecylbenzenesulfonate)
7 Cyhalothrin Endosulfan
8 Chlorothalonil Diazinon
9 Chloroform Fenvalerate
10 Diazinon Antimony trisulfide
11 Chromic trioxide, Chromium trioxide, Chromic anhydride Mercury acetate
12 Benzene Chlorpyrifos
13 Dicofol Hexachlorocyclopentadiene
14 Mercury acetate Methyl hydrazine 
15 Parathion Bis (tributyl tin) oxide
16 1, 2?Dibromoethane Fenazaquin
17 4, 4′?Methylenediphenyl diisocyanate (MDI) Pyridaben
18 Carbosulfan Terbufos
19 Carbon tetrachloride Fluazinam
20 Dichlorvos Dicofol
21 Terbufos Fenthion
22 Ammonia Monocrotophos
23 Ethylene oxide Cyhalothrin
24 o?Cresol Azocyclotin
25 Carbaryl Triazophos
26 Aniline Cyfluthrin
27 Thallium (I) acetate Fenitrothion
28 Methomyl Flusulfamide
29 Pyridaben 4?Bromo?2? (4?chlorophenyl)?1? (ethoxymethyl)
?5? (trifluoromethyl)pyrrole?3?carbonitrile, 
CHLORFENAPYR
30 Fenazaquin Fluquinconazole
*Shaded chemicals are those that their inclusion in the top 30 list depends on the default values used for missing data.
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? ?? ??? ??? ?? ?? ??? ?? ?
? ??? ????. ?? ????? ?? ???
? ?? ???? ?? ??? ?? ??????
???? ????? ??. ??? ??? ? ??
? ??? ? ?????? ???? ?????
?? ???? ? ?? ? ?? ??? ?? ??
????? ???? ?????? ?? ???
??? ?? ??? ?? ????. ??? CRS?
Korea? ???? ??? ? ?? ???? ??
??? ?? ?? ??? ??? ?? ???, ?
? ?????? ?? ??? ??? ??? ??
? ??.
?????? ??? ??? ????? ??
??? ??? ?? ?? ??? ???? ???
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Table 10. Rank correlation coefficient between the default
values of 1 and 5
Correlation r1 r2 r3 r4
coefficients 0.98 0.27 0.57 0.85
*r1, r2, r3, r4: Correlation coefficients for chronic/subchronic toxici-
ty & carcinogenicity, exposure, release, and persistence & bioaccu-
mulation, respectively.
Table 9. Sensitivity of the ranking to the default value of persistence and bioaccumulation, top 30 chemicals selected using
CRS?Korea
Rank Persistence and Bioaccumulation score to 1 Persistence and Bioaccumulation score to 5
(default value to 1 for other indicators) (default value to 5 for other indicators)
1 Formaldehyde Formaldehyde
2 Acrylonitrile Ammonia
3 Benzene Acrylonitrile
4 1?Chloro?2?nitrobenzene Chromic acid
5 Phosphorus Benzene
6 Sulfuric acid Sodium hydroxide
7 Propylene oxide o?Xylene
8 Ammonia 1?Chloro?2?nitrobenzene
9 Phenol Phosphorus
10 Chromic trioxide, Chromium trioxide, Chromic anhydride Sulfuric acid
11 Toluene Propylene oxide
12 Epichlorohydrin Nitric acid
13 Hydrochloric acid Hydrochloric acid
14 4, 4′?Methylenediphenyl diisocyanate (MDI) Ethyl acetate
15 Ethyl acetate Phenol
16 Nitrobenzene Chromic trioxide, Chromium trioxide,
Chromic anhydride
17 1, 2?Dichloroethane Chlorosulfonic acid
18 Hydrogen peroxide Toluene
19 Chromic acid 2, 5?Diaminotoluene
20 o?Xylene 2?Vinylpyridine
21 Acrylamide Epichlorohydrin
22 Dimethyl sulfate Hydrogen peroxide
23 Methyl ethyl ketone (MEK) Dichromic acid
24 Chloroform Dimethyl sulfate
25 Aniline Bromine
26 o?Cresol 4, 4′?Methylenediphenyl diisocyanate (MDI)
27 Chlorosulfonic acid Phosgene
28 2, 5?Diaminotoluene Thionyl chloride
29 Ethylene oxide Fuming sulfuric acid
30 Methanol Nitrobenzene
*Shading indicates a chemical that is unique to one column in the Table.
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Table 15. Chemicals priority (top 3) for local provinces as determined by using CRS?Korea II*
Default : 1 Default : 5
1st 2nd 3rd 1st 2nd 3rd
Seoul Chlorpyrifos Ammonia Chloroform Antimony trisulfide Ammonia Mercury acetate
4, 4′?Methylenediphenyl Chromic trioxide, Busan Bis (tributyl tin) oxide diisocyanate (MDI) Chromium trioxide, Antimony trisulfide Mercury acetate Chromic acidChromic anhydride
Chromic trioxide, 
Daegu Ammonia Chromium trioxide, Toluene Fenvalerate Antimony trisulfide Ammonia
Chromic anhydride
Incheon Phosphorus Carbofuran Chlorothalonil N?Alkyl toluidine Antimony trisulfide Mercury acetate
Chromic trioxide, Chromic trioxide,
Gwangju Chromium trioxide, Ammonia Toluene Ammonia Chromium trioxide, Chromic acid
Chromic anhydride Chromic anhydride
1, 1?Iminodi (octameth-
Daejeon Endosulfan Chlorpyrifos Chlorothalonil ylene) diguanidinium tris Endosulfan Diazinon
(dodecylbenzenesulfonate)
Ulsan Benzene Bis (tributyl tin) oxide Chloroform Butyltriphenylphosphonium Antimony trisulfide Ammoniachloride
Hexachlorocyclo- 1, 6?Bis (2, 3?epoxypropoxy) Ethyl 5,5?diphenylGyeonggi Chlorpyrifos Bis (tributyl tin) oxide pentadiene naphthalene ?2?isoxazoline? 3 Antimony trisulfide?carboxylate
Chromic trioxide,
Gangwon Chromium trioxide, Toluene Hydrochloric acid Ammonia Hydrochloric acid Ethyl acetate
Chromic anhydride
Chromic trioxide,
Chungbuk Ammonia Chloroform Chromium trioxide, Antimony trisulfide Ammonia Chlorfenvinphos
Chromic anhydride
Chromic trioxide, 
Chungnam Benzene Chromium trioxide, Chloroform Antimony trisulfide Benzene Ammonia
Chromic anhydride
Jeonbuk Chlorpyrifos Bis (tributyl tin) oxide Fenthion Antimony trisulfide Diazinon Chlorpyrifos
Chromic trioxide, 
Jeonnam Benzene Ammonia Chromium trioxide, Antimony trisulfide Ammonia Benzene
Chromic anhydride
4, 4′?Methylenedi-
Gyeongbuk Chlorpyrifos Carbofuran phenyl diisocyanate Antimony trisulfide Diazinon Mercury acetate
(MDI)
Chromic trioxide, Butyltriphenylphos-Gyeongnam Chlorpyrifos Bis (tributyl tin) oxide Chromium trioxide, phonium chloride Antimony trisulfide ChlorpyrifosChromic anhydride
Jeju Sulfuric acid Allyl alcohol Methanol Methanol Sodium hydroxide Potassium chlorate
*Shaded chemicals are those remain in the top 3 list regardless of the default value used.
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